The three-sub-lattice approximation model calculations of the energies and magnetic parameters (Curie temperature and mean magnetic moment) were used. The distributions of atomic species between different model sub-lattices and the thermodynamic properties depending on the Fe-V alloy compositions at T = 0K were evaluated by solving the set of equations at T = 0K obtained by minimizing the functional ΔG with respect to the independent configuration degrees of freedom.
Introduction
Previously, the three-sub-lattice model (3SM) was used by the authors for a consistent description of the structural properties (SP) and thermodynamic properties of the FeCr -phase [1, 2] . The difference between the Fe-Cr and Fe-V systems consists in the fact that the -phase in the Fe-V system is stable both in the ferromagnetic state and paramagnetic state. The Curie temperature (Tc) for the Fe-V alloys is an order of magnitude higher than Tc for the Fe-Cr alloys, according to experimental data [3] .
Therefore, the -phase in this system was considered in the paramagnetic state. In the MIE-2017 framework of the physic-empirical model, the configuration contribution and magnetic contribution to the Gibbs mixing energy (ΔG) for the sigma phase in the Fe-V system was taken into account.
Formulation of the model
The crystal lattice of sigma-phase contains 5 sub-lattices in which 30 atoms possessing of different coordination numbers of the nearest neighbors (12, 14 and 15) are placed.
In [1] the real structure of sigma-phase modeled with 3 sub-lattices to describe the distribution of atoms inside the structure of sigma-phase phase depending on the alloy composition and temperature. According to 3SM the real structure of -phase The values of the internal parameters of the model (with a constant composition and temperature) are found from the solution of the set of equations (3) and the local stability conditions (3b) 
Conditions of the local and global sustainability can be rewritten as: 
The calculations of energetic parameters
The problem of calculating the energetic parameters of 3SM was due to the fact that no evidence of ab-initio calculations of enthalpy of mixing in the system Fe-V. To solve this problem, the authors of this paper propose a novel approach. Use the features of the phase diagram of Fe-V (see Fig.1 ) [1] , namely a point of equal concentrations (PEC)
between -and bcc-phases at T = 1750 K. Analytically, it can be written as (5)
Then, the enthalpy jump was taken into account in the phase transition from the BCC phase to the -phase under the assumption that the enthalpy of the transition does not depend on temperature. is. Experimental thermodynamic data presented in Table 1 , for the BCC phase of Fe-V can be used for the -phase at the equal concentration. Next, we need to go down the temperature of the point of equal concentration to a temperature of T = 0 K. The enthalpy of transition of -phase in the BCC phase calculated by the formula The enthalpy jump at the transition from BCC to -phase, in assumption that the enthalpy of transition is temperature independent, was taken into account as the next step.
As a result, the mixing enthalpy dependence on the second element concentrations was plotted by the three points: Δ → ; Δ → ; Δ ( 0 , 0), the difference in the enthalpies of the pure species between the BCC and -phases at T = 0 K, by least square method approximation to begin searching the system energetic parameters (see Figure 2 , table 1).
The magnetic contribution to (1a) was taken into account in the framework of the Inden-Hillert-Jarl formalism [5] . The mean magnetic moment <m> and Tc dependence on the composition was obtained from an assessment of the experimental data for the mean magnetic moment <m> and Curie temperature Tc for alloys with the structure of the -phase of the Fe-Cr and Fe-V systems. by using results shown in Figure  3 , Table 1 . In accordance with these data the set of equations was obtained to find the initial parameters of the model (at 0 K) (6). The concentration dependence of the Gibbs energy of mixing relative sigma phases for pure components for the Fe-V system at T = 0K was obtained of the least square method taking into account the framework of the Inden-Hillert-Jarl formalism for searching initial energetic parameters.
MIE-2017 Table 1 : The results of calculations of the enthalpy of mixing (Fig.3) 
Solving linear system (7) relatively the energy parameters of 3-sublattice model solutions have been obtained for the nine independent energy parameters. Then, the procedure of the inverse problem solution was conducted (minimization of equation (7) in the space of energy parameters) 3SM. Procedure for solving the inverse problem (minimization of equation (8) 
The optimizing energy values of the model parameters for σ− phase are shown in table 2 Illustration of stable and metastable solutions are Figure 3 
The calculation results
According 
Conclusion
In this work it was possible to calculate the energy mixing for -phase as function of composition at T = 0K, despite the absence of any ab-initio calculated data of a mixing enthalpy of the Fe-V alloys, in contrast to [1, 2] respect to the independent configuration degrees of freedom. The comparison of the calculated and experimental data on the structural properties of -phases in Fe-(Cr, V) systems depending on composition and temperature was conducted.
